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Participant Summary
e 22 participants + many others (15t DPW: 18)

US 50% Gov’t 31%
Europe 29% Industry 46%
Asia 21% Academia 21%

o 20 codes, 30 data submittals

Grid Types Turbulence Models
14 1-to-1 structured 16 Spalart-Allmaras
11 Unstructured 5 Menter’s SST

5 Overset 3 k-w

2 k-Wilcox, k-¢, other
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Participant Summary (cont.)

30 data submuattals
* 16 complete sets for Case 1
* 30 partial data sets for Case 2
‘7 data sets for Case 3
3 data sets for Case 4

~ 480 Total Solutions Computed!
~ 1.25 years of CPU time!!!
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Single Point Grid Convergence Study
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Why did Richardson Extrapolation Fail?

« Asymptotic Range not met — grids to sparse
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Why did Richardson Extrapolation Fail?

« Asymptotic Range not met — grids to sparse

» Drag not converged

Case 1
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Why did Richardson Extrapolation Fail?

« Asymptotic Range not met — grids to sparse
» Drag not converged

 C, tolerance not met

Case 1
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Why did Richardson Extrapolation Fail?

« Asymptotic Range not met — grids to sparse
« Drag not converged
 C, tolerance not met

 Low precision report of drag

Case 1
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Why did Richardson Extrapolation Fail?

« Asymptotic Range not met — grids to sparse
» Drag not converged

 C, tolerance not met

 Low precision report of drag

* Participant reporting errors

Case 1
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Extrapolated Delta Drag
Revisited
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Turbulence Models
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Tripped vs. Fully Turbulent
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Tripped vs. Fully Turbulent
Mach = 0.75, Re = 3x10°, C; =0.500+.001

0.0400

5 ciuuintis Wing/Body
0.0375 i O tripped

y B fully turb.
0.0350 ——* i

: i M ave. fully turb.
] = . pa| I exBeriment
I — -_!- AP ST N S -ﬁ.--i---ﬁ- -hl-l- -hd*hd- [ — —

¢y 0.0325 a '

+ Nacelle/Pylon
[ tripped

0.0300 =2

. : W fully turb.
0.0275 I = VU S A S _,_,_“,_, *:ETE!"L' _,_,_,_,_*__,_”,_,_, ave. fully turb,

1 experiment

0.0250
0 3] 10 15 20 29 30

Solution Index
Case 3
June 21-22, 2003 2nd AJAA CFD Drag Prediction Workshop Orlando, FL 34



-
AIAA A
/B B B

A Textron Company
Tripped vs. Fully Turbulent
Delta Drag
0.008
Delta Drag
© tripped
£ 0.007 e e
Oﬂ @ fully turb.
. 0.006 63 1| ave. fully turb.
¥ iment
g_ 3- [ 2 ) t cxperimen
- -------I--I--I--_f-- L H r y ] L X ] L. L 1 i ¥
£ 0.005 o o
- ¢
Q
n 0.004
a }
Q
<] 0.003 }
2 counts
0.002 e
0 5 10 15 20 25 30

Solution Index
Case 3

June 21-22, 2003 2nd AJAA CFD Drag Prediction Workshop Orlando, FL 35



L
Applied Aerodynamics 4 '
Technical Committee ‘

Drag Rise
Re =3x10°%, C; = 0.500+.001

0.040

Wing/Body
A Mavriplis nsu3d

A Kim kflow3d
A Tinoco cfl3d

0.035

T T_ A experiment
-
OD 0.030 + Nacelle/Pylon
¥ B Mavriplis nsu3d
B Kim kflow3d
0.025 10 counts M Tinoco cfl3d
b O experiment
}
0.020
0.50 0.55 0.60 0.65 0.70 0.75 0.80
Mach
Case 4

June 21-22, 2003 2nd AJAA CFD Drag Prediction Workshop Orlando, FL 36



.
AIAA 71
A Textron Company
Drag Rise
Delta Drag
0.007 .
Pat Delta Drag
o y @ Mavriplis nsu3d
> 2 count | o P
Oy ! Kim kflow3d
O 0.00B6 ] I} @ Tinoco cfl3d
I 3 ﬁ © experiment
g | >
% 0.005 BT » /m
O - == B ¥ &8>
" U 004 I""' T - _-Q”.‘O. ........... (} /
Oﬂ . —— 4.5 counts ./
by 4.7 counts "
0.003
0.5 0.55 0.6 0.65 0.7 0.75 0.8

Mach

Case 4

June 21-22, 2003 2nd AJAA CFD Drag Prediction Workshop Orlando, FL 37



June 21-22, 2003

Applied Aerodynamics
= B Technical Committee

Conclusions

2nd AJAA CFD Drag Prediction Workshop

Orlando, FL 38



L
et
Technical Committee
]
Conclusions

« Comparison with experiment pretty good, despite separation.

June 21-22, 2003 2nd AJAA CFD Drag Prediction Workshop Orlando, FL 39



Applied Aerodynamics
“E8 Technical Committee

Conclusions

« Comparison with experiment pretty good, despite separation.

 Data scatter “perceived” to be less than DPW 1.
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Conclusions

« Comparison with experiment pretty good, despite separation.

 Data scatter “perceived” to be less than DPW 1.

 Data averages indicate medium grid sizes are adequate.
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Conclusions

« Comparison with experiment pretty good, despite separation.
 Data scatter “perceived” to be less than DPW 1.
 Data averages indicate medium grid sizes are adequate.

 Richardson Extrapolation highlights some concerns.

June 21-22, 2003 2nd AJAA CFD Drag Prediction Workshop Orlando, FL 42



>

=
»

& mmmae W tm .i

Conclusions

« Comparison with experiment pretty good, despite separation.
 Data scatter “perceived” to be less than DPW 1.

 Data averages indicate medium grid sizes are adequate.
 Richardson Extrapolation highlights some concerns.

 Fully turbulent calcs. okay for delta drag calculations.
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Conclusions

« Comparison with experiment pretty good, despite separation.
 Data scatter “perceived” to be less than DPW 1.

 Data averages indicate medium grid sizes are adequate.
 Richardson Extrapolation highlights some concerns.

 Fully turbulent calcs. okay for delta drag calculations.

e (rid resolution! Grid resolution! Grid resolution!
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Conclusions

« Comparison with experiment pretty good, despite separation.
 Data scatter “perceived” to be less than DPW 1.

 Data averages indicate medium grid sizes are adequate.
 Richardson Extrapolation highlights some concerns.

 Fully turbulent calcs. okay for delta drag calculations.

* Grid resolution! Grid resolution! Grid resolution!

* More comprehensive summary at Reno 2004.
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Requests

e Participants:
* Complete/correct/recheck data and resubmit.
* Report results to greater precision.
* Indicate 1f code 1s node-based or cell-based.
* Indicate 1f grid 1s supplied by DPW or otherwise.

* Need standard for reporting non- or slow-converging
solutions. Time ave. values, with max. delta reported?
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